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ABSTRACT: For the assessment of the status of concrete structures the chemical analysis of the concrete 
surface (composition, chloride and sulphate content) is of major importance. Laser Induced Breakdown Spec-
troscopy (LIBS) offers a powerful method to analyse concrete surfaces with a high local resolution and high 
speed. Concrete surfaces can be scanned line by line and relevant chemical elements can be semi-quantitatively 
analysed. This allows a quick determination of two-dimensional plots of these elements with much higher local 
resolutions than by the traditional methods like powder sampling and subsequent chemical analysis. A research 
and development project called ILCOM has been initiated with several partners from research and industry to 
develop a laboratory instrument with improved resolution and a mobile instrument to be used on site allowing a 
quick and adequate analysis of relevant elements like chlorides and sulphates of concrete surfaces. Within a few 
weeks the laboratory instrument will be finalised and extensive calibration works using prefabricated concrete 
specimens with defined compositions will be carried out. In parallel the on-site instrument is under develop-
ment. It is expected that both instruments will offer considerable new possibilities for an effective diagnosis of 
concrete structures as well as for quality control of concrete works. The project with its partners and aims as 
well as the actual status of the measurements are presented and discussed.
1 INTRODUCTION
A decisive parameter at the building condition assess-
ment and the repair planning of structures exposed 
is the depth-staggered determination of the chloride 
content of the existing concrete. At overcritical chlo-
ride contents, it is specified on the basis of the deter-
mined chloride profiles, for instance, in which areas 
and up to which depth the concrete must be removed 
and replaced. The more information there are concern-
ing the chloride distribution, the better the areas to 
be removed can be specified. An alternative to the at 
present customary time and cost intensive wet chemi-
cal determination of the chloride content on drill dust 
specimens taken in staggered depths could be a new 
method for a fast and highly spatially re-solved analy-
sis of the chemical element distribution in the concrete. 
This method is currently further developed in collabo-
ration with the Federal Institute for Materials Research 
and Testing (BAM), the Fraunhofer Institute for Laser 
Technology (ILT), the Institute of Building Materials 
Research (ibac) of RWTH Aachen University as well 
as different small and medium-sized enterprises and 
industrial partners (ref. http://www.). The main target 
of the development is first the fast, spatially resolved, 
two-dimensional analysis of the chloride and sulphur 
distribution in the concrete. Here, as method of analy-
sis, the Laser-Induced Breakdown Spectroscopy, LIBS, 
is applied. The basic principles of the LIBS method 
and of the previous applications in the building sector 
are described in Wilsch & Weritz 2004.
2 LASER-INDUCED BREAKDOWN 
SPECTROSCOPY (LIBS)
The functional principle of the imaging LIBS method 
is schematically displayed in Figure 1. 
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At the LIBS method, a small amount of material is 
“vaporised” on the specimen surface by means of a 
laser pulse and a plasma is generated. With the spec-
tral analysis of the plasma emission single chemical 
elements existing in the vaporised volume can be 
identified by their element-specific spectral lines. The 
evaluation of the measured intensity of each spectral 
line enables the quantitative analysis provided that 
there is a calibration relation between element con-
tent and intensity of the spectral lines (Miziolek et al. 
2006). By scanning for instance the surfaces of drill-
ing cores, “element maps” can be prepared within a 
short period of time. These maps display the local 
distribution and the varied concentrations of chemi-
cal elements across the surface (Wilsch & Weritz 
2004). Within the framework of this research project, 
two LIBS demonstrators are developed. Demonstra-
tor I enables the laser analysis of concrete specimens 
under laboratory conditions at flexible choice of the 
scan sizes (up to about 15 ⋅ 15 cm2) and of the set of 
chemical elements to be analysed. It shall be used to 
develop the method as well as for the validation. Dem-
onstrator II is a portable system designed for in situ 
application, which shall in particular allow for a fast 
chloride analysis on site, e.g. at repair works. Subse-
quent to the research project, the equipment manu-
facturers involved shall further develop the designed 
demonstrators and introduce them to the market.
3 DEMONSTRATOR I (LABORATORY 
DEVICE)
In Figures 2 and 3 Demonstrator I is shown as pho-
tography and as scheme, respectively. It consists of 
a spectrometer and a measurement chamber module 
which are combined to a unit. Within the measure-
ment chamber module, there is the laser beam source, 
the control and operating PC, the integrator electronic, 
the gas pressure control and the measurement cham-
ber with the integrated moving axes. The laser beam 
source is operated with a frequency of ν
L
 = 50 Hz 
and it generates laser pulses with a pulse width of τ = 
6.5 ns (FWHM). The mean pulse energy amounts to 
a maximum of E
b
 = 540 mJ. By means of several mir-
rors, the laser pulses are led to a converging lens and 
focussed. The focussed laser beam is led through an 
access window into the measurement chamber with 
the specimens to be examined. The measurement 
chamber is designed in a way that it can be flooded 
with different gases at different pressures and flow 
rates. Within the measurement chamber dust-tight 
axes with an attached specimen holder, are installed. 
This holder fixes the specimens so that they can be 
moved during measurement.
The plasma emission on the specimen surface gen-
erated by the laser pulse is led from the measurement 
chamber into the spectrometer module by the direct 
light channel. In the spectrometer module, there is 
a Paschen-Runge spectrometer system. This system 
can spectrally divide the plasma emission and detect 
the spectral line intensity of the single chemical ele-
ments on 55 channels (e.g. Cl, S, Fe, Ca). The signals 
of the single channels are processed by means of the 
integrator and evaluation electronics, so that measur-
ing values can be assigned to every single measuring 
point on the specimen. As result of the evaluation, 
the system produces two-dimensional element maps 
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Figure 1. Functional principle of the imaging LIBS 
method.
Figure 2. ILCOM demonstrator I.
Figure 3. Setup of the demonstrator I (side view).
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which furnish information on the concentration 
distribution of the single elements in the specimen.
4 DEMONSTRATOR II (DEVICE FOR 
ON-SITE USE)
To demonstrate the applicability of the principle for 
on-site use, presently a mobile LIBS unit is built at 
the Federal Institute for Materials Research and Test-
ing (BAM). Figure 4 shows a picture of the laser 
module of Demonstrator II. This measurement unit 
focuses on the determination of the chloride content. 
It will permit a measurement directly on an acces-
sible concrete surface as well as the measuring of 
drilling cores. The software will enable an immediate 
evaluation of the yielded results. The demonstrator is 
constructed in a way that it scans the surface during 
measuring and generates element maps of the most 
important chemical elements.
5 EXAMPLES OF LIBS-ANALYSIS
The procedure at the LIBS determination of the chlo-
ride and sulphate content in concrete is described 
in the following using already conducted measure-
ments from Weritz & Wilsch 2004, Wertiz et al. 2005. 
At first, suitable areas of the spectrum which allow 
the determination of chlorine and sulphur in build-
ing materials were selected. Due to the properties of 
chlorine and sulphur, only measurements in the ultra 
violet (UV) and the near infrared (NIR) area of the 
spectrum are considered. In the following, selected 
wave-length areas for the measurement of chlorine 
and sulphur in the NIR are displayed (Figs. 5 and 6). 
The single spectral lines are marked with the specifi-
cation of the chemical elements and the wavelengths. 
To eliminate disturbing lines of elements of the air 
and to yield higher detection sensitivity for chloride 
and sulphur, the measurements were conducted under 
a constant flow of 5 l helium per minute. 
Figure 5 clearly shows that the chlorine spectral 
line is very weak compared to the other lines. Dem-
onstrator I shall help to optimise the measurement 
parameters so that higher detection sensitivity for 
chlorine is yielded. There is no such problem with 
sulphur (Fig. 6). Here, the contents up to the natural 
content in the cement can be detected.
Measuring specimens with a known chloride and 
sulphate content, calibration curves can be made and 
used to determine the element contents in unknown 
specimens. Figure 4. Laser module of demonstrator II.
Figure 5. Typical spectrum in the area of the chlorine 
spectral line. The single lines are marked with the chemical 
element and the wavelength.
Figure 6. Typical spectrum in the area of the sulphur 
spectral line. The single lines are marked with the chemical 
element and the wavelength.
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Figure 7 shows a calibration curve of the chlorine 
content and Figure 8 of the sulphur content (Wertiz 
et al. 2005). The single points in the diagrams each 
correspond to the mean value of a larger amount of 
single measurements to allow for the heterogeneity of 
the building material. 
The increase of the calibration line for sulphur in 
Figure 8 depends on the evaluation method. When 
all single measurements on the concrete surface are 
considered, even those taken on the aggregate, a 
lower increase results and the standard deviation of 
the mean values amounts to 30%. When only meas-
urement values taken on the cement rich matrix are 
considered, the gradient of the line increases and the 
standard deviation decreases to 9%.
For measurements taken on the heterogeneous 
material concrete, a sufficient amount of single meas-
urements must be conducted. Then the single measure-
ment must be assigned to the aggregate or the hardened 
Figure 7. Calibration line of chloride contents in cement 
mortar and concrete.
Figure 8. Calibration lines for sulphur depending on the 
evaluation method (Wertiz et al. 2005).
cement paste matrix because increased chloride and 
sulphur contents mainly occur in the latter. At LIBS 
measurements, the determined element contents can 
thus be directly related to the cement fraction.
To distinguish between the aggregate and the hard-
ened cement paste matrix, in the simplest case (sili-
ceous aggregate) the relation of the calcium spectral 
line to the oxygen spectral line is used a basis for 
comparison (Fig. 9) because, as a rule, calcium does 
not appear in the aggregate. 
The procedure to distinguish between aggregate 
and cement paste matrix can also be applied in the 
wavelength range which is used to measure the sul-
phur content (Weritz & Wilsch 2004). For aggregates 
containing calcium this procedure can be adapted 
selecting other chemical elements and spectral lines.
Figure 10 shows the results of the LIBS measure-
ments on a concrete drilling core (28 mm ⋅ 41 mm) 
Figure 9. Spectra determined in the range of siliceous 
aggregates and in the range of hardened cement paste matrix 
(Weritz & Wilsch 2004).
Figure 10. Areas containing chloride from a drilling core 
of a maritime building detected by LIBS (Weritz & Wilsch 
2004).
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Figure 11. Depth profile of the Cl-penetration measured 
at a drilling core taken from a structure. For comparison, the 
values determined with standard procedures are displayed as 
grey bars (Weritz & Wilsch 2004).
Figure 12. Depth profile of the S-penetration measured at 
a drilling core taken from a structure. For comparison, the 
values determined with the standard procedure are depicted 
as grey bars (Wertiz et al. 2005).
To determine quantitative contents, the LIBS results 
were converted by means of the previously determined 
calibration curves. For comparison, the values deter-
mined by standard procedures are depicted. 
A similar procedure can be applied at a drilling 
core of a sewage plant to determine the depth profile 
of the sulphur penetration into concrete. The result-
ing depth profile in comparison to the results of the 
standard procedure is shown in Figure 12. 
6 OUTLOOK
Upon completion and adjusting of Demonstrator I, 
the actual measurement campaigns will be started 
within the framework of this project in early 2008. 
It is the target of these broadly designed campaigns 
on the one hand to optimise the measuring param-
eters to improve the chloride signal, on the other hand 
to develop improved evaluation methods as well as 
calibration functions and eventually the validation 
of the method. These measurement campaigns are 
conducted by means of a broadly designed matrix of 
reference specimens of hardened cement paste, mor-
tar and concretes with a large scale of clearly defined 
customary chloride and sulphate contents.
The findings gained at the measurement campaigns 
with Demonstrator I will be transferred to Demon-
strator II as far as possible. Still in 2008, both demon-
strators shall prove their effectiveness in practice. If 
this proves successful, there will shortly be a new, fast 
and highly spatially resolved method of analysis for 
practice and science to determine the chemical elem-
ent distribution in concrete.
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from practice (maritime building) compared to the 
photography. Starting at the surface, the drilling 
core was linearly scanned. One LIBS measurement 
was made per millimetre. The distance between two 
lines was 2 mm. In a first step, the single measure-
ments were assigned to the aggregate (black points 
in Fig. 10, right) or the hardened cement paste matrix 
(grey points in the same figure). Subsequently, the 
measuring points lying on the hardened cement paste 
matrix were examined regarding the existence of a 
chlorine signal. When chlorine was measured, the 
points were coloured in light grey.
By the determination of a weighted mean value of 
the chlorine content per measurement line, a depth 
profile of the chloride content arises with a depth 
resolution of 2 mm (Fig. 11).

